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(54) SYSTEM AND DEVICE FOR OPTICAL PARALLEL TRANSMISSION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the need for an 
external high speed clock supply source and a clock multiplier 
circuit by configuring a multiplexer circuit and a demultiplexer 
circuit with a specific latch circuit and a selector only. 
SOLUTION: Input data signals DO, D1 at a transmission speed 
whose phases are not coincident are latched at a trailing of a 
clock signal by D latches 121-124 of a multiplexer circuit to 
make the phases are matched with each other. The data signal 
D1 is latched at a rising of a clock signal by a latch 125 and the 
phase of the signal D1 is delayed by 1/2-bit. Outputs of the D 
latches 123, 125 depend on the level of the clock signal by a 
selector 126. Then one data signal distributed by a 
demultiplexer circuit is latched by a trailing of a clock signal at 
D latches 164, 165 and the other data signal is latched at a 
leading of the clock signal by D latches 161, 162. Furthermore, 
an output signal of the D latch 162 is latched at a trailing of the 
clock signal by using the D latch 1 63 to recover the signals DO, 
D1 whose phases are arranged. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] In an optical transmitter, the clock signal of frequency f [Hz] and the signal of the multiple 
channel of transmission-speed B=f [bit/s] which carried out juxtaposition synchronization with said clock 
signal are considered as an electrical signal input. Photo electric translation of these electrical signals is 
carried out, it sends out as a lightwave signal, and said sent-out lightwave signal is transmitted to a receiving 
end in an optical transmission line. In an optical receiver In the optical parallel transmission outputted as a 
signal of the multiple channel which carried out photo electric translation of the lightwave signal transmitted 
in said optical transmission line, and carried out juxtaposition synchronization of the acquired electrical 
signal with the clock signal and said clock signal Said optical transmitter is equipped with the signal 
multiplex section. Said optical receiver Optical parallel transmission characterized by constituting the 
logical circuit which is equipped with the signal separation section and constitutes said signal multiplex 
section and the signal separation section from a circuit which operates by clock frequency f=B [Hz] equal to 
transmission-speed [ of an input signal ] B [bit/s]. 

[Claim 2] In an optical transmitter, the clock signal of frequency f [Hz] and the signal of the multiple 
channel of transmission-speed B=f [bit/s] which carried out juxtaposition synchronization with said clock 
signal are considered as an electrical signal input. Photo electric translation of these electrical signals is 
carried out, it sends out as a lightwave signal, and said sent-out lightwave signal is transmitted to a receiving 
end in an optical transmission line. In an optical receiver In the optical parallel transmission outputted as a 
signal of the multiple channel which carried out photo electric translation of the lightwave signal transmitted 
in said optical transmission line, and carried out juxtaposition synchronization of the acquired electrical 
signal with the clock signal and said clock signal Said optical transmitter is equipped with the signal 
multiplex section which consists of two or more latch means and at least one signal selection means. Said 
optical receiver Optical parallel transmission characterized by having the signal separation section which 
consists of two or more latch means, and constituting said signal multiplex section and the signal separation 
section from the latch means and the signal selection means which all the frequencies of a clock signal 
required for latch actuation and signal selection actuation are f=B [Hz]. 

[Claim 3] In an optical transmitter, the clock signal of frequency f [Hz] and the signal of 2-N multiple 
channel of transmission-speed B=f [bit/s] which carried out juxtaposition synchronization with said clock 
signal are considered as an electrical signal input. Photo electric translation of these electrical signals is 
carried out, it sends out as a lightwave signal, and said sent-out lightwave signal is transmitted to a receiving 
end in an optical transmission line. In an optical receiver In the optical parallel transmission outputted as a 
signal of 2-N multiple channel of transmission-speed B=f [bit/s] which carried out photo electric translation 
of the lightwave signal transmitted in said optical transmission line, and carried out juxtaposition 
synchronization of the acquired electrical signal with the clock signal of frequency f [Hz], and said clock 
signal said optical transmitter The 1st latch means which it has the signal multiplex section, and said optical 
receiver is equipped with the signal separation section, and latches the signal of N individual for said signal 
multiplex section in falling of the clock signal of frequency f=B [Hz] among the signals of 2-N multiple 
channel, The 2nd latch means which latches the signal of a remaining N individual in falling of said clock 
signal, The output of N individual of said 2nd latch means with the 3rd latch means latched in the standup of 
said clock signal, and the high level and low level of said clock signal The output of N individual of said 1st 
latch means and the output of N individual of said 3rd latch means are chosen by turns. Constitute from a 
signal selection means to output the signal of N individual of transmission-speed 2xB [bit/s], and 2:1 
multiplex actuation is performed. The inside of signal 2-N piece la obtained [ N / the signal 1 of N 
individual of transmission-speed 2xB [bit/s] - ] by two by branching in said signal separation section, 
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respectively, 1 b-Na, and Nb, The 4th latch means which latches signal 1 b-Nb in falling of the clock signal 
of frequency f=B [Hz], Optical parallel transmission characterized by constituting from the 5th latch means 
which latches signal 1 a-Na in the standup of said clock signal, and the 6th latch means which latches the 
output of said 5th latch means in falling of said clock signal, and performing 1 :2 separation actuation. 
[Claim 4] In an optical transmitter, the clock signal of frequency f [Hz] and the signal of 2-N multiple 
channel of transmission-speed B=f [bit/s] which carried out juxtaposition synchronization with said clock 
signal are considered as an electrical signal input. Photo electric translation of these electrical signals is 
carried out, it sends out as a lightwave signal, and said sent-out lightwave signal is transmitted to a receiving 
end in an optical transmission line. In an optical receiver In the optical parallel transmission outputted as a 
signal of 2-N multiple channel of transmission-speed B [bit/s] which carried out photo electric translation of 
the lightwave signal transmitted in said optical transmission line, and carried out juxtaposition 
synchronization of the acquired electrical signal with the clock signal of frequency f [Hz], and said clock 
signal said optical transmitter The 1 st latch means which it has the signal multiplex section, and said optical 
receiver is equipped with the signal separation section, and latches the signal of N individual for said signal 
multiplex section in falling of the clock signal of frequency fr=B [Hz] among the signals of 2-N multiple 
channel, The 2nd latch means which latches the signal of a remaining N individual in falling of said clock 
signal, The output of N individual of said 2nd latch means with the 3rd latch means latched in the standup of 
said clock signal, and the high level and low level of said clock signal The output of N individual of said 1st 
latch means and the output of N individual of said 3rd latch means are chosen by turns. It constitutes from a 
signal selection means to output the signal of N individual of transmission-speed 2xB [bit/s]. The inside of 
signal 2-N piece la obtained [ N / the signal 1 of N individual of transmission-speed 2 NxB [bit/s] - ] by two 
by branching in said signal separation section, respectively, 1 b-Na, and Nb, The 4th latch means which 
latches signal 1 b-Nb in falling of the clock signal of frequency f=B [Hz], Optical parallel transmission 
equipment characterized by constituting from the 5th latch means which latches signal 1 a-Na in the standup 
of said clock signal, and the 6th latch means which latches the output of said 5th latch means in falling of 
said clock signal. 

[Claim 5] In an optical transmitter, one piece or the clock signal of two or more frequencies f [Hz], The 
signal of the multiple channel of transmission-speed B=f [bit/s] which carried out juxtaposition 
synchronization with at least one in said clock signal is considered as an electrical signal input. Photo 
electric translation of these electrical signals is carried out, it sends out as a lightwave signal, and said sent- 
out lightwave signal is transmitted to a receiving end in an optical transmission line. In an optical receiver In 
the optical parallel transmission equipment outputted as a signal of the multiple channel which carried out 
photo electric translation of the lightwave signal transmitted in said optical transmission line, and carried out 
juxtaposition synchronization of the acquired electrical signal with the clock signal and said clock signal 
The input-buffer section which consists of two or more input-buffer circuits where an optical transmitter 
does not exceed the number of input electrical signals, The signal multiplex section which consists of a 
signal multiplex circuit which does not exceed one half of said numbers of input-buffer circuits, With the 
light emitting device actuator which consists of a light emitting device actuation circuit with more at least 
one than said number of signal multiplex circuits It has the light emitting device section which consists of a 
light emitting device equal to said number of light emitting device actuation circuits. Said input-buffer 
section, said signal multiplex section, and said light emitting device actuator are the semiconductor 
integrated circuits formed on the same substrate. Said semiconductor integrated circuit for transmission and 
said light emitting device section are dedicated into one container, and said optical transmission line is 
equipped with the optical fiber which does not exceed said luminescence element number. Said optical 
receiver The photo detector section which consists of two or more photo detectors equal to the number of 
input lightwave signals, and the signal amplifier which consists of a signal amplifying circuit which does not 
exceed said light-receiving element number, The signal-decision section which consists of a signal-decision 
circuit which does not exceed said number of signal amplifying circuits, The signal separation section which 
consists of a signal separation circuit which does not exceed one half of said numbers of signal-decision 
circuits, It has the output BA@FFA section which consists of an output-buffer circuit with more at least one 
than said number of signal separation circuits. Said signal amplifier, said signal-decision section, said signal 
separation section, and said output-buffer section are the semiconductor integrated circuit formed on the 
same substrate. Said semiconductor integrated circuit for reception and photo detector section are dedicated 
into one container. Optical parallel transmission equipment characterized by constituting the logical circuit 
which constitutes said signal multiplex circuit and a signal separation circuit from a circuit which operates 
with a clock signal with frequency f=B [Hz] equal to transmission-speed [ of an input signal ] B [bit/s]. 
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[Claim 6] In an optical transmitter, one piece or the clock signal of two or more frequencies f [Hz], The 
signal of the multiple channel of transmission-speed B=f [bit/s] which carried out juxtaposition 
synchronization with at least one in said clock signal is considered as an electrical signal input. Photo 
electric translation of these electrical signals is carried out, it sends out as a lightwave signal, and said sent- 
out lightwave signal is transmitted to a receiving end in an optical transmission line. In an optical receiver In 
the optical parallel transmission equipment outputted as a signal of the multiple channel which carried out 
photo electric translation of the lightwave signal transmitted in said optical transmission line, and carried out 
juxtaposition synchronization of the acquired electrical signal with the clock signal and said clock signal 
The input-buffer section which consists of two or more input-buffer circuits where said optical transmitter 
does not exceed the number of input electrical signals, The signal multiplex section which consists of a 
signal multiplex circuit which does not exceed one half of said numbers of input-buffer circuits, With the 
light emitting device actuator which consists of a light emitting device actuation circuit with more at least 
one than said number of signal multiplex circuits It has the light emitting device section which consists of a 
light emitting device equal to said number of light emitting device actuation circuits. Said input-buffer 
section, said signal multiplex section, and said light emitting device actuator are the semiconductor 
integrated circuits formed on the same substrate. Said semiconductor integrated circuit for transmission and 
said light emitting device section are dedicated into one container, and said optical transmission line is 
equipped with the optical fiber which does not exceed said luminescence element number. Said optical 
receiver The photo detector section which consists of two or more photo detectors equal to the number of 
input lightwave signals, and the signal amplifier which consists of a signal amplifying circuit which does not 
exceed said light-receiving element number, The signal-decision section which consists of a signal-decision 
circuit which does not exceed said number of signal amplifying circuits, The signal separation section which 
consists of a signal separation circuit which does not exceed one half of said numbers of signal-decision 
circuits, It has the output BA@FFA section which consists of an output-buffer circuit with more at least one 
than said number of signal separation circuits. Said signal amplifier, said signal-decision section, said signal 
separation section, and said output-buffer section are the semiconductor integrated circuit formed on the 
same substrate. Said semiconductor integrated circuit for reception and said photo detector section are 
dedicated into one container. Said signal multiplex circuit consists of two or more latch circuits and one 
selector circuit, and said signal separation section consists of two or more latch circuits. Said latch circuit 
and selector circuit Optical parallel transmission equipment characterized by being the latch circuit which 
operates with a clock signal with frequency f=B [Hz] equal to transmission-speed [ of an input signal ] B 
[bit/s], and a selector circuit. 

[Claim 7] In an optical transmitter, one piece or the clock signal of two or more frequencies f [Hz], The 
signal of the multiple channel of transmission-speed B=f [bit/s] which carried out juxtaposition 
synchronization with at least one in said clock signal is considered as an electrical signal input. Photo 
electric translation of these electrical signals is carried out, it sends out as a lightwave signal, and said sent- 
out lightwave signal is transmitted to a receiving end in an optical transmission line. In an optical receiver In 
the optical parallel transmission equipment outputted as a signal of the multiple channel which carried out 
photo electric translation of the lightwave signal transmitted in said optical transmission line, and carried out 
juxtaposition synchronization of the acquired electrical signal with the clock signal and said clock signal 
The input-buffer section which consists of two or more input-buffer circuits where an optical transmitter 
does not exceed the number of input electrical signals, The signal multiplex section which consists of a 
signal multiplex circuit which does not exceed one half of said numbers of input-buffer circuits, With the 
light emitting device actuator which consists of a light emitting device actuation circuit with more at least 
one than said number of signal multiplex circuits It has the light emitting device section which consists of a 
light emitting device equal to said number of light emitting device actuation circuits. Said input-buffer 
section, said signal multiplex section, and said light emitting device actuator are the semiconductor 
integrated circuits for transmission formed on the same substrate. Said semiconductor integrated circuit for 
transmission and said light emitting device section are dedicated into one container, and said optical 
transmission line is equipped with the optical fiber which does not exceed said luminescence element 
number. Said optical receiver The photo detector section which consists of two or more photo detectors 
equal to the number of input lightwave signals, and the signal amplifier which consists of a signal 
amplifying circuit which does not exceed said light-receiving element number, The signal-decision section 
which consists of a signal-decision circuit which does not exceed said number of signal amplifying circuits, 
The signal separation section which consists of a signal separation circuit which does not exceed one half of 
said numbers of signal-decision circuits, It has the output BA@FFA section which consists of an output- 

http://www4.ipdl.ncipi.go.jp/cgi-binA^^ 9/13/2006 



JP,09-200167,A [CLAIMS] 



Page 4 of 4 



buffer circuit with more at least one than said number of signal separation circuits. Said signal amplifier, 
said signal-decision section, said signal separation section, and said output-buffer section are the 
semiconductor integrated circuit for reception formed on the same substrate. Said semiconductor integrated 
circuit for reception and photo detector section are dedicated into one container. The 1 st latch circuit which 
latches one of the signals a in falling of the clock signal of frequency f=B [Hz] between two signals a and b 
by which juxtaposition synchronization was carried out in one of the arbitration of two or more of said 
signal multiplex circuits, The 2nd latch circuit which latches another signal b in falling of said clock signal 
between said two signals, The 3rd latch circuit which latches the output of said 2nd latch circuit in the 
standup of said clock signal, It constitutes from a selector circuit which chooses the output of said 1st latch 
circuit, and the output of said 3rd latch circuit by turns with the high level and low level of said clock signal, 
and outputs the data signal of transmission-speed 2xB [bit/s]. One of the arbitration of two or more of said 
signal separation circuits branches the signal of transmission-speed 2xB [bit/s] to two. The 4th latch circuit 
which latches one of the signals c in falling of the clock signal of frequency f=B [Hz] between two acquired 
signals c and d, Optical parallel transmission equipment characterized by constituting from the 5th latch 
circuit which latches Signal d in the standup of said clock signal, and the 6th latch circuit which latches the 
output of said 5th latch circuit in falling of said clock signal, and performing 2:1 demultiplexing actuation. 
[Claim 8] the optical parallel transmission which falls and comes out and constitutes the logical circuit 
which constitutes said signal multiplex section and the signal separation section in claim 1 from a standup of 
a clock signal with frequency f=B [Hz] equal to transmission-speed [ of an input signal ] B [bit/s], or a 
circuit which operates. 

[Claim 9] It is the optical parallel transmission with which said latch means operates in the standup or 
falling of said clock signal in claim 2. 

[Claim 10] the optical parallel transmission equipment which falls and comes out and constitutes the logical 
circuit which constitutes said signal multiplex circuit and a signal separation circuit in claim 5 from a 
standup of a clock signal with frequency f=B [Hz] equal to transmission-speed [ of an input signal ] B 
[bit/s], or a circuit which operates. 

[Claim 1 1] It is optical parallel transmission equipment which operates in the standup or falling of a clock 
signal which has frequency f=B [Hz] with said latch circuit equal to transmission-speed [ of an input signal ] 
B [bit/s] in claim 6. 

[Claim 12] It is optical parallel transmission equipment equipped with the optical waveguide which said 
optical transmission line turns into from an organic material in claim 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to small optical parallel transmission and equipment in which 
a high throughput transfer is possible especially about the optical parallel transmission equipment which 
used the juxtaposition synchronous light transmittal mode and this. 
[0002] 

[Description of the Prior Art] Electric wiring techniques, such as a coaxial cable, are used for the data 
transfer between the equipment of a current information processor, or between boards. However, since a 
limitation is produced in improvement in the speed and densification of signal wiring with the conventional 
electric wiring technique to the data transmission between the equipment of advanced information 
processors, such as a super parallel computer and a mass communication device, or between boards, the 
lightwave signal wiring technique using optical fiber optical waveguide is examined. A high throughput 
transfer by many channelization is possible for the optical parallel transmission equipment which 
synchronous-transmits the data signal of a multiple channel collectively with a lightwave signal. Since 
small, a low power, and a high throughput are required, the miniaturization by simple circuitry and low- 
power-ization are mentioned between the equipment for advanced information-processing-system 
construction, or to the engine performance of the data transmission unit between boards as a technical 
technical problem in above-mentioned optical parallel transmission equipment. 

[0003] By the mass exchange which can hold the circuit of a transmission-speed 10 Gbit/s class, signal 
processing is performed per circuit of 2.4G [bit/s] class, and signal processing is performed by 8 bits or 16 
bit parallel by the logic LSI for signal processing mounted in each board. Therefore, in consideration of a 
clock signal or a control signal, about 20 channels are needed in 2.4G [bit/s] extent being required as a 
throughput, and considering the case where they are 16 bit parallel for the data transmission between 
equipment or between boards as the number of channels. To such data transmission, the optical parallel 
transmission equipment with the number of lightwave signal channels of the number of input/output 
channels and the same number has many light corpuscle children driven, so that there are many input/output 
channels, manufacture and low-power-izing of a homogeneous light corpuscle child array are difficult for it, 
and since the volume which an optical I/O connector area occupies according to the number of optical fibers 
increases, the problem that where of the high density assembly of a board and, the miniaturization of optical 
parallel transmission equipment are difficult produces it. 

[0004] The optical parallel transmission equipment equipped with the multiplexing function as shown in 
drawing 2 as equipment which solves this problem is known. It consists of optical receivers which consist of 
the optical transmitter with which optical parallel transmission equipment consists of an input terminal, the 
4:1 multiplex sections, and the electrical and electric equipment / optical converter in this example, a 
transmission line which consists of an optical fiber array, and light / electric converter, the 1 :4 separation 
sections and an output terminal. Small and the optical parallel transmission equipment of a high throughput 
are obtained by multiplexing an input electrical signal, accelerating the transmission speed of the lightwave 
signal per channel, and reducing the number of light corpuscle children, and optical I/O connector area 
volume. As equipment equipped with the multiplexing function, the thing of a publication is known in 
"IEEE TOKYO SECTION Denshi Tokyo, No.33, 81 pages, and 1994", for example. In this example in an 
optical transmitter four data signals of 700M[bit/s] It performs 4:1 multiplex using the clock signal of 2.8G 
[Hz] which is 4 times the frequency of the transmission speed generated in the optical transmitter exterior. 
Five further these 4:1 multiplex sequences are changed into the lightwave signal of five channels with a 
five-channel integration laser diode. The lightwave signal which transmitted the inside of a multimode fiber 
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array and was transmitted with the optical receiver in this lightwave signal is changed into an electrical 
signal by the five-channel integration photodiode array. The clock signal of 2.8G[Hz] generated in the 
optical receiver exterior performs 1 :4 separation, and the electrical signal of five sequences a total of 20 
channels is reproduced. That is, by carrying out 4: 1 multiplex [ of the signal of 20 channels and 700M 
[bit/s] ] with the clock signal of 2.8G[Hz], the cutback of the number of lightwave signal channels is aimed 
at, and the volume of the optical connecter section or the fiber cable for transmission is reduced. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in order to carry out 4: 1 multiplex [ of the input 
signal ], the clock signal of the frequency exceeding the clock frequency within the mass exchange by which 
optical parallel transmission equipment is used, or a mainframe is required of the conventional example 
mentioned above. In above-mentioned reference, in order to carry out 4:1 multiplex [ of the signal of 700M 
[bit/s] ], the clock of 2.8G[Hz] is supplied from the outside. That is, in the conventional example, in order to 
realize a multiplexing function, the high-speed clock signal supply source for multiplex must be carried in 
the board for signal processing on which optical parallel transmission equipment is used, or a high-speed 
clock signal supply source must be built in optical parallel transmission equipment itself. Consequently, the 
high-speed clock signal supply source carried out part buildup, and the circuit magnitude of a board or 
optical parallel transmission equipment had the problem which is said when it comes to high density 
assembly or the failure of a miniaturization. The object of this invention is to perform small and an optical 
high throughput parallel transmission by easy circuitry. 
[0006] 

[Means for Solving the Problem] According to this invention, the optical parallel transmission and the 
optical parallel transmission equipment which are characterized by to have the signal multiplex section and 
the signal-separation section by which the optical transmitter and the optical receiver were constituted from 
logical circuits, such as a latch circuit which operates by clock frequency f=B [Hz] respectively equal to 
transmission-speed [ of an input signal ] B [bit/s], and a selector circuit, to the signal input of the multiple 
channel of transmission-speed B=f [bit/s] which carried out juxtaposition synchronization with the clock 
signal of frequency f [Hz] and said clock signal are offered. 

[0007] Moreover, according to this invention, the optical parallel transmission and the optical parallel 
transmission equipment which are characterized by having the signal multiplex section and the signal 
separation section which consisted of logical circuits, such as a latch circuit which operates in the standup or 
falling of a clock signal in which an optical transmitter and an optical receiver have frequency f=B [Hz] 
respectively equal to input signal transmission-speed B [bit/s], and a selector circuit, to a signal input are 
offered. 

[0008] Moreover, according to this invention, the optical parallel transmission equipment using the 
semiconductor integrated circuit for transmission by which the above-mentioned signal multiplex section 
and a light emitting device actuator were integrated, and the semiconductor integrated circuit for reception 
by which the above-mentioned signal separation section, a signal amplifier, and the signal-decision section 
were integrated is offered to transmission of the signal of the multiple channel of transmission-speed B=f 
[bit/s] which carried out juxtaposition synchronization with the clock signal of frequency f [Hz], and said 
clock signal. 

[0009] As opposed to the signal input of the multiple channel of transmission-speed B=f [bit/s] which 
carried out juxtaposition synchronization with the clock signal of frequency f [Hz], and the clock signal 
Logical circuits which constitute a signal multiplex circuit, such as a latch circuit and a selector circuit, are 
made into the circuit which operates with the clock signal of frequency f [Hz]. Demultiplexing actuation is 
realized by making logical circuits, such as a latch circuit which constitutes a signal separation circuit, into 
the circuit which operates with the clock signal of frequency f [Hz], without needing the high-speed clock 
supply source for demultiplexing especially. 

[0010] falling and coming out and making a logical circuit into the standup of a clock signal, or the circuit 
which operates - especially, the high-speed clock supply source for demultiplexing is not needed, but big 
demultiplexing actuation of the phase margin is realized. 

[001 1] As opposed to the signal of 2-N multiple channel of transmission-speed B=f [bit/s] which carried out 
juxtaposition synchronization with the clock signal of frequency f [Hz], and the clock signal in the signal 
multiplex circuit Since the signal of N individual is latched in falling of a clock signal, and it latches in the 
standup which follows falling of a clock signal further after latching the signal of a remaining N individual 
in falling of a clock signal The phase of the signal latched in the standup of a clock signal is compared with 
the signal latched in the standup of a clock signal. It is delayed by the amount of [ the amount of / of a clock 
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signal ], i.e., a signal, pulse width by 1/2 bit. By choosing these signals by turns with the high level or low 
level of a clock signal, and outputting the signal of N individual of transmission-speed 2xB [bit/s], 2:1 
multiplex actuation is realized by the signal selection means by easy circuitry. 

[0012] In a signal separation circuit, the clock signal of frequency f [Hz] and the signal of N individual of 
transmission-speed 2xB [bit/s] which it is going to separate are received, a signal, in order to reproduce the 
signal which each dichotomized and was previously arranged in time among two data signals by which 2:1 
multiplex was carried out While branched, latch in backward falling which latched the data signal in the 
standup of a clock signal, and branched another data signal In order to reproduce the signal behind arranged 
in time among two data signals by which 2:1 multiplex was carried out By latching in falling of a clock 
signal, the phase relation between signals is the same as that of a multiplex front, and 1 :2 separation 
actuation from which the juxtaposition synchronizing signal with which the clock signal and the phase 
gathered is obtained can be realized. 

[0013] In an optical transmitter, small and optical low cost parallel transmission equipment are realizable by 
using the signal multiplex circuit to carry, a light emitting device actuation circuit, etc. as the semiconductor 
integrated circuit formed on the same substrate, and using the signal amplifying circuit carried in an optical 
receiver, a signal separation circuit, etc. as the semiconductor integrated circuit formed on the same 
substrate. 

[0014] Optical parallel transmission equipment equipped with lightwave signal wiring which can 
accumulate on the board for signal processing, and can be mass-produced by making an optical transmission 
line into the optical waveguide of organic materials, such as plastics chosen so that loss might become small 
to the wavelength of a lightwave signal, and polyimide, is realizable. 
[0015] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained with reference to a 
drawing. Drawing 1 is the block diagram of the optical parallel transmission equipment by this invention. In 
the optical transmitter, the 2-N piece input terminal section 111 for data signals is connected to the input of 
the input-buffer section 112. The output of the input-buffer section 1 12 is connected to the input of the 
signal multiplex section 120. The signal multiplex section consists of 2:1 multiplex circuits of N individual. 
If one multiplex circuit 120-1 is observed here, two inputs of a multiplex circuit are connected to the D 
latch's 121,123 input, respectively. The D latch's 121,123 output is connected to the D latch's 122,124 input. 
Since reversal KURROKU is supplied to the D latch 122,124, the D latches 121 and 122 and the D latches 
123 and 124 become D-FF of a falling edge actuation mold, respectively. The D latch's 124 output is 
connected to the D latch's 125 input, and both the D latches' 122 and 125 outputs are connected to two 
inputs of SEKURETA 126. The output of a selector 126 is connected with the output of the signal multiplex 
section. The output of the signal multiplex section 120 is connected with the input of the electrical and 
electric equipment / optical converter 130, and the output signal of the signal multiplex section 120 is 
changed into a lightwave signal by the electrical and electric equipment / optical converter 130, and is 
transmitted to an optical receiving circuit by using an optical fiber as a transmission medium. 
[0016] The input terminal 111-1 for clock signals is connected with the input of an input buffer 112-1, and 
the output signal is changed into a lightwave signal by the electrical and electric equipment / optical 
converter 130-1, and is transmitted to an optical receiving circuit by using an optical fiber as a transmission 
medium while it is supplied to the above-mentioned signal multiplex section. 

[0017] In an optical receiver, the transmitted lightwave signal is changed into an electrical signal by light / 
electric converter 150, and is inputted into the signal separation section 160. The signal separation section 
consists of 1 :2 separation circuits of N individual. If one separation circuit 160-1 is observed here, in the 
separation circuit, an input dichotomizes and one input is connected with the D latch's 1 64 input. The D 
latch's 164 output is connected with the D latch's 165 input, and the D latch's 165 output is connected with 
the output of a separation circuit. Dichotomous another input is connected with the D latch's 161 input, the 
D latch's 161 output is connected with the D latch's 162 input, the D latch's 162 output is connected with the 
D latch's 163 input, and the D latch's 163 output is connected with the output of a separation circuit. By 
inputting a reversal clock into 163 and 165 as the D latch 161, the D latches 161 and 162 and the D latches 
164 and 165 become D-FF of a rising edge and a falling edge actuation mold, respectively. The output of the 
signal separation section 160 is connected with the input of the output-buffer section 170, and the output of 
the output-buffer section is connected with the output terminal section 180. 

[0018] After the clock signal which was received by light / electric conversion circuit and was changed into 
the electrical signal is delayed in a delay circuit 166, it is outputted to an output terminal 180-1 through an 
output buffer 170-1 while an above-mentioned signal separation circuit is supplied. Although the delay 
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circuit 166 is established in the optical receiver by this example, you may prepare in an optical transmitter. 
[0019] Next, the example of a configuration of a multiplex circuit is explained with reference to drawing 3 . 
The multiplex circuit consists of the 1st D latch 310, the 2nd D latch 320, the 3rd D latch 330, the 4th D 
latch 340, the 5th D latch 350, and a selector 360. These latch circuits are drawing 1 and support 121, 122, 
and 123,124,125,126, respectively. In this example, a difference input is inputted for a data signal DO from 
the input terminals 301 and 302 of a multiplex circuit, a difference input is inputted for a data signal Dl 
from input terminals 303 and 304, and a multiple signal Dmux is outputted from the output terminal 305 of a 
multiplex circuit. 

[0020] Next, the example of a configuration of a separation circuit is explained with reference to drawing 4 . 
A separation circuit consists of the 1st D latch 410, the 2nd D latch 420, the 3rd D latch 430, the 4th D latch 
440, and the 5th D latch 450. These are drawing 1 and support 161 and 162,163,164,165, respectively. In 
this example, the difference input of the data signal Dmux multiplexed from the input terminals 401 and 402 
of a separation circuit is carried out, and a data signal Dl is outputted for a data signal DO from an output 
terminal 404 from the output terminal 403 of a separation circuit, respectively. 

[0021] Next, actuation of the multiplex circuit in this example and a separation circuit is explained using 
drawing 1 and drawing 5 to the case where the number of signals is 2. 

[0022] In a multiplex circuit, the input data signals DO and Dl of transmission-speed B [bit/s] whose phase 
generally does not correspond are latched by the D latch 121,122 and the D latch 123,124 in falling of a 
clock signal, respectively, and a phase is arranged. Next, since a data signal Dl is latched by the D latch 125 
in the standup of a clock signal, it is behind [ DO ] in a phase by 1/2 bit. Since the output of these D latch 
123 and the D latch 125 is outputted by the selector 126 according to the high level and low level of a clock 
signal, 2:1 good multiplex functions are realized. In a separation circuit, after the multiplexed input signal 
branches to two signals, one data signal is latched in falling of a clock signal so that Dl of two multiplexed 
signals may be reproduced by the D latches 164 and 165. Another data signal is latched in the standup of a 
clock signal so that the inside DO of two multiplexed signals may be reproduced by the D latches 161 and 
162. From the D latch's 165 output signal Dl, since the phase is progressing by 1/2 bit, by latching the D 
latch's 162 output signal in falling of a clock signal using the D latch 163 further, two signals DO and Dl 
with which the phase gathered are reproduced, and, as for the D latch's 162 output signal DO, 1 :2 good 
isolation is realized. Here, although demultiplexing actuation was explained about the case where the 
number of signals is 2, the same demultiplexing function is realized by the demultiplexing circuit of N 
individual also to 2-N data signal. 

[0023] At this example, although the circuit by the bipolar transistor was shown as an example of a 
configuration of a demultiplexing circuit, the same logical circuit may be realized by the CMOS circuit. 
[0024] Next, the explanatory view of the optical parallel transmission equipment by this invention is shown 
in drawing 6 . The optical transmitter carries the semiconductor integrated circuit 612 in which the input- 
buffer section, the signal multiplex section, and a light emitting device actuator were formed on the same 
substrate, and the laser diode array 613 in the interior of the metal package 611 with the small thermal 
resistance equipped with the electrical signal input terminal 614. The electrical signal input terminal 614, a 
semiconductor integrated circuit 612 and a semiconductor integrated circuit 612, and the laser diode array 
613 are connected electrically, respectively. As for the configuration of the electrical signal input terminal 
614, the objects for data are [ 18 and the objects for clocks of 2 and others ] objects for signal controls, such 
as an object for power sources, an object for touch-down, and a shutdown. The data signal of 18 channels 
and the clock signal of two channels which were inputted from the electrical signal input terminal 614 are 
sent out by the semiconductor integrated circuit 612 and the laser diode array 613 which built in 2:1 
multiplexing circuits as a lightwave signal of nine channels for data, one channel for clocks, and a total of 
ten channels. The SHINGU mode optical fiber array 617 which is a transmission line is being fixed to the 
package 61 1 with the optical fiber folder 618 and the resin 616 for optical fiber immobilization, and optical 
coupling with the laser diode array 613 is made by the small lens array 615. The optical receiver carries the 
semiconductor integrated circuit 622 in which the photodiode array 623, a signal amplifier and the signal- 
decision section, the signal separation section, and the output-buffer section were formed on the same 
substrate in the interior of the package 621 equipped with the electrical signal output terminal 624 like the 
optical transmitter. The photodiode array 623, a semiconductor integrated circuit 622 and a semiconductor 
integrated circuit 622, and the electrical signal output terminal 624 are connected electrically, respectively. 
As for the configuration of the electrical signal output terminal 624, the object for data is [ 18 and the object 
for clocks of 2 and others ] an object for power sources, and an object for touch-down. With the 
semiconductor integrated circuit 622 which carried out the internal organs of the photodiode array 623 and 
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the 1 :2 separation circuits, it is reproduced as the data signal of 18 channels, and a clock signal of two 
channels, and the lightwave signal of ten channels transmitted in the optical fiber array 617 is outputted 
from the electrical signal output terminal 624. 

[0025] As a light emitting device, as a laser diode and a photo detector, a light emitting diode may be used 
as a photodiode and a light emitting device, and an avalanche photodiode may be used as a photo detector in 
this example. 

[0026] In this example, although the single mode optical fiber was used as a transmission line, a multimode 
optical fiber may be used. 

[0027] In this example, although the optical fiber was used as a transmission line, optical waveguide made 

from oxide crystals, polyimide, etc., such as a quartz and a lithium NAIO bait, may be used. 

[0028] 

[Effect of the Invention] According to this invention, the remarkable effectiveness that the external high- 
speed clock supply source and clock multiplying circuit which were the conventional configuration become 
unnecessary is acquired by establishing a multiplex circuit and a separation circuit in optical parallel 
transmission equipment, and constituting a multiplex circuit and a separation circuit only from the latch 
circuit and selector which operate with the clock signal of a frequency equal to a data transmission rate. That 
is, the circuit magnitude of an optical transceiver machine is reduced and small, a low power, and an optical 
high throughput parallel transmission become possible. 

[Translation done.] 
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* NOTICES * 

JPO and NC1PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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©•^Sr^jtSfc^+^/HRi LT*ny*flHH»H#p 
ft#£#&LT2 O^^M^ftjJS&^tftSo r 5 L 

i:-c3tAffl73 =■* * * as© i»5^a*s*ip-r 

[0 0 0 4] rolBUWrftfti-SSEai LT. B2fc* 
TVS. r<o«-e3t3fe5!eiS*Bf±, A;W?-£4 : 1 
-f/<rK*»f>46fia*t. 3t/«««»»i 1 : 4 
30 2,„ A^m^S#«r#mftL^-r^/vSfc9©7tm#© 

k LTtt, 0iJx« Tl EEE TOKYO SECT I 
ON Denshi Tokyo, No. 3 3, 8 1 Ms 19 9 4 

2Hi«t?tt7 0 0M [bit/s] ©T-^{f^-4^-^^/W 

fc52. 8G [Hz] ©^n s'^(t#Srfflt^T4 : 1^ 
40 S^tTV\ £P>fc:r©4 : 1 #^II©5^JIJ^^ 5^+^. 
/Wfta-fkU— h'\Z£ 9 5f--V^P©3tfS^|C 
SlftL, r©3tiS-tS:v^*-K77-<''<TH'1>S: 

8ft7* h^t- K7 WCt^tS^L, 3tS 
<fgg^-asx*4figL/c2. 8G [Hz] ©^ny^fllf-K 
±9 1: 4 4WiS:?TV\ 6imSMMr2 01-**A*>n 
Stft-tSrff^LTV'S. i-t£t>h2 Of-Y^K 70 0 
M [bit/s] ©ff-5t-£2. 8G [Hz] ©^ n jx^flTf-K 
<t9 4 : l#m-f5rtlC < t9, ft«**-+*A*©IM 
eo «*E9, 5t3^^^aS J ?»lS^ffl7T'l'^<7--7'>'V©^ 
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(5) 

7 

[0 0 0 5] 

j£©##:£i&;Tii> 7 0 0M [bit/s] ©<!-§•£ 4 : 1 
#g1"5fc*!>fc:, 2. 8G [Hz] ©?ny^$r*WW» 

©#i#*u TMsgam%\,<tfMafcaitmbk&b 

^5BM**>ofc. *3SfiS©Bffjl4> ffi**EB«j*-c 
5, 

[0 0 0 6] 

f [Hz] ©*ny*tt#*J:trtWW'ny*flr*fclfc 

?ip«bLfceMSB=f [bit/s] ©a*?-*-** 

*«#©e2iaSB [bit/s] K«U*?ny*J*ttft 
f = B [Hz] r»fl^?y^la]|&^i'**ia»* 

[0 0 0 7] $fc#3SWl::J:tUf > ft#A^(c^LT, 

[bit/s] £$U*jB]«»f =B [Hz] 

SS-^-fe u * * (HlSI^©^a[HlS§ § *ifc<i-**K» 
MM #»«»*«itfc =. i ^#Stt1-5)tM?ijeBl* 

[0 0 0 8] *fc*«WKJ:iltf, Jl&ftf [Hz] © 

fi»au«B=f [bit/s] ©tt*^+*/u©«#©eis 

[0 0 0 9] JiS&f [Hz] <D tu £Xf ? 

By^flM-kttJIPIJIMbLfcfiaSaMCB- f [bit/s] 

[Hz] Otu-ytm^-cWifti-ZJgl&tL, 
BRtr«IAi-fi?y7BK««>WIEIK«rJRttftf [H 

m&m4teRwism*Bi>9&%Kt:&mbiti'K£ » 



HaBaflwxas*i&. 

[0 0 10] »as»«:*ns'*«5-©£fcJ:a«0*fc 
ttiT^T-i^r-lft^l-SlllSSil-S^il-J; 1 ?. 

[ooii] <f##amssT-i4, nttftf [hz] ©? 

SB=f [bit/s] ©2 N«©a*f'-r*yl'©fll*K» 
U Nfa©<f#&* By VF^-C^y? 1 
U &9N<B©{t#&*By*fg#©£VF#9-C7y 

±^<3T?7yf-i-5©-e, ^By^flr^-©4*>±i65<?-c 
o* 9 ft 1/2 try «#a##«-c 

It 9 o y ^^©VN-f K/^tliD-l^</K-:ilf) 
ft#Sr3?EI-SWUT€^iiS2 XB [bit/s] 10N| 
©flMM:HWr*-5rfcfcJ:9. ffi**lHlK«^-C2 : 1 

[0 0 12] A^KBlK-ca. Jl&ifcf [Hz] to* 
By^f#fc<fctf#Pf L£5t1-5£i££g2XB [bi 
t/s] ©NlB©fi-i§-»w*tLT, <f^;ft,€;ft2#(i£U 

2 : 1 0S$tVfcro©r-;?m #© 5 felSIWBjfc&Jw 

B*4JifcflHKrW£-*-5fca&fc, #d£Lfc-2f©:f- 
y-fi-^fc:? b y ^ jf #©4*>±;JS ij T*7 yf - Lfc&&*> 
T**9"C?y*U ^ttLfct 5 -#©f 
2 : l#a£ftfcZo©x-^I#<D? W^K^K 
E5(*ixfcflr*«rS&1- 5 *:*!!:. * n yy« #<7)4*> 

[0013] %,m$sx-immtz>it ^sbb*** 

B*<fft|B]-aHR±t»J« $ ftfc¥***«ia» i 1"5 
T-#5o 

[0014] *eaiis«:3tflr#©*ftc»L-c»**/jx 

$<^5i93l^$ttfc7*7^^y^ > JKjJ'f^K*© 
[0 0 15] 

l»W©SHfi©^ffi] WT, «?g©^lS0iJ*llES:# 
fig tTift^1-5o B 1 tt**WKJ:53ta6J!eai3fi*© 
yoy^HT*fe5o 3fcj£f9S§-ei±, 2N<@©r-^{f# 
fflA^4S^g|51 1 H4A^^y7rSRl 1 2©A^(d^ 
m£tLT\,^ 0 XJl'<y 7 7% \ 1 2©btl^l4fl##M 
951 2 0©A^I-Si^$^-CV^5o ffl##aSI5l4Nf@© 
2 : l#MlHl8Sr*«^^^5o crTlfi©#SlH]Kl 



9 

2 0-lKftB-T5t. #fi@J»»ro©A*tt-tiiJe 
W7?f-12 1, 1 2 3roA^i-Si^$ixT^5„ D 
7yf 121, 12 3©[)J*liD7yf 12 2, 124 
©ATJfc&ffiSftS. D7yf 1 2 2, 1 2 4CI4S<5 
^n^riHfef&SfiS©-?, D77f 121H22, 
D7?fl23tl24 tt-Weia£*>T# ^Kl 
fl^OD-FFiftS,, D7 7f 1 24©ffl7J|iD77 
^1 2 SOA^l-gSBSSil, D7?fl 2 2j3iU!l 2 

5 0>ttl7Jtt s Htt^l'? 1 2 6©no©A^^itt 
SixTV^S,, -feu^^ l 2 6©ttJ7j»i{t##agB«ffl* 

0 ©tt#flre»i«fc/#SEiM5 1 3 0 tcj; 9 ^-{c^ 

SJX5 0 

[0016] ^ o 7 ^fflA^iffi? 1 1 1 - 1 {4, A 
1 1 2-l©A*Ji««3*t. tofflMt 
fi.h»©flr##fi«»fctt«&* Ji5 1 1 1 fc, 
&351 30- lfc*9#«*fc«lfcSit3te77'r'<*fit 

[0 0 17] TtSffiSTii, Gn8Siifc*«*i«*/« 

1 6 0lc:A73£ft£o {a##«£g|Sf4Nfic7> 1 : 2#MB 

?g-c-flf/££ti,5„ rr-eH@o5>itiEi!Si 6 o- ma 

TJliDy-y^l 6 4£OA7li:gi^^tirv^5, D77f 
1 6 4<0£i!7Jf4D7 7^1 6 5 ©A^igSaSJV D5 
yf-l 6 5©HJ^jH:^(iigBOffl*fcSS»$n«. 2# 
S5iifct5-^r©A*H:D7yf-l 6 KOXtthfem. 
Six, D5yf 16 1©tll^liD7yf 16 2©AAi 
g^cSiV D7 7fl 6 2©£ti7jtiD7 7^1 6 3 ©A 
^tattSiV D7 7fl 6 3©ffl^(4#|||[e]Sg©ffi*) 
£8*1 Six 3. D7 7f 1 6 1 i 1 6 3 <t 1 6 5£K*s- 
^n-y^^A^I-SitlCi^^ D77fl61tl6 
2, D^yfl 6 4 t 1 6 5mtl : ?tl±*>±.tf<0^y 
i>, £*>T;i s !3^7*llf£I!©D-FF£ft3 0 fg-5§-# 
BtWl 6 0©W*ttUyj/<y7r»l TOOXflb&m. 
Six, W*>'<s'77»©Hi*l4lH**^»18 0i:«« 

SiXSo 

[0 0 18] 3t/««««MHiKKiJ:0a«*ii«ft«# 
t SElft S ilfc ^ n y ^ «#BiSHiiaK 1 6 6 T*iIJ£ S ii 

5-771 7 0-1 ^STtii^ig^l 8 0-1 (cm^J^^X 
5. *Slfcfl-e9KEIB 1 6 6tt3te3MfSfcK*T*>5 

[0019] 9:te*i[iaisofl|j*«tov^ia3«:*« 

LT^1-5o ttBKtt, »10D7773 1 0, H 
2©D7yf320, !3WD77f 3 3 0, I40D 
7yf34 0, i5©D77f3 5 0fcJ:t;t^^3 

6 0T-fllf&SixTV>3. rftb07 3'^igKWtBll-C, 



(6) 

JO 

•WPJX12 1, 1 2 2, 1 2 3, 1 2 4, 1 2 5, 1 
2 6l:^ltV^ t rO«RJT-|±#»Hl8§cOA73ffi^3 

0 1 JSj;tf3 0 2*>fe9 f -^flHS-D0!^lElbA*i*A* 
Six. AMf 3 0 3*5«fcU!3 0 4i»f)7 f -?«tD 1 
*!»A***A*SH. *aH*OW**l^3 0 5«»6» 
^■M-is^rDmux^tiit) Six5„ 

[0020] jfcfc#l*ll]&©i&j*0JKo^Tia4&#j!& 

ftKlelBft. *10D7?74 10, IB 
2©D77f4 20, f 3©D77f4 30, &4©D 
io 7 7^4 4 0, JfS5©D7 7^4 5 OTMtjfcSixS,, r. 
iXfettHlt?, -tiX-etVl 6 1, 1 6 2, 1 6 3, 1 6 

4, i6Sfc*tJ6L"tt**. r©fl-Ctt, £K0»©A 
^lig^4 Olfci^ 024»&**ft£*ifc9 r '-4 r ft'l9' 

Dmux^^KiA^s^, ^«ia»oaa*«i?4 0 3a»b 

7-^D0i!, fflAiiHF4 0 4*>bf*-^flr*Dl 

[0 0 2 1] ftfc*SI*«9f o#fiE»Xt«rtlEIIS© 
»f^to^T(t#Sc^ 2 <Dig&\Ztt LXm 1 Jo J; VS 5 

20 [0022] £mw\&x-it, -jftfcfltfitf-aLtv* 
V«iigB [bit/s] ©A^T-iMf^DOJoJztfD 
lit, JEriV-PiXD^yf-l 2 1, 1 2 2MD7 7f 1 
2 3, I24(^i;i3, ^n7^flr-§-04^T^t)-C7 7 
ffi*B*a»*.?>ii5. fc^-r-^ff-Sf-D 1 14D7 
7^1 2 SCiOiCPy^afffliU^^^yfS 
ixSfcft, DO it) 1/2 K-7 h^ttft*««*l,5. rix 
f>D7yfl2 3fc'J;0!D77f 1 2 5©ffl7jli, "few 
1 2 6|dJ; <0?O-y?ia%-<D/^ U-i^JoitfP- 

w</nasi:-ctti;fjSix3©-e. s»*2 : \&mm 

30 asgSLSit*. #«ElK?tt#fi{bS;h,*:A;fc«#H\ 
-o©flr*|c£tt$iifc8» -#©7-*{I-f§-|iD7 7 
f-1 6 4 J3 J: VI 6 5 ICt 9, £SfcSiX;/c: 2 {§■§•© D 

1 #?T£Six5 «fc ?|n^ n 7*f§-S§-©4*>T-;i J 0 1?7 7 
fSJx-So <t> 5-^©7*-^«#»4D7 7f-l 6 1 J3i 
tfl6 2fc.fc!), %mkHMz2\n^<DbhT>0tf-ft$i 
ZtlZtHzy-uyfi {t-§-©i*>±*s t) X- 7 7 f 1 S it 

5. D7 7f"l 6 2©tH73<f^DOI4 > D7yf 165 
©fflTJff-St-D 1 1/2 f 7 h^itA/Cl^S© 
T\ D7 7^1 6 2 0ffi^{S#S:Se)ICD7 7f-l 6 3 

«fct>, lStBCDMofc2ft-§-D0, DlrtSff£SJX> 
fcl : 2»««fi6**aS*t«. «#*J»S2 

fi^«tg^SimSix5. 

[002 3] *^»!lT-|4 s #fi^ftlHlK©fl|^Ji L 
t, h7^^^!JiJ;5IsIKSr*tfc^, iwi 

*©*S@»*CMOSEK-C*»UTfc.fcV\ 

[0 0 2 4] ^li*^l^(CJ:S7t3l?iJfi^SlfiroIfi,B^lll 
so ^|ll6ti^-ro 3t^ft^l4> «*lt*AA*B ; f 6 1 4?r 
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Pl-«E±fc*lftLfci|£*f*«aElB6 1 2t. V— if 
Wt-K7K6 1 3**«LT^5. Mlaff^ATJ 
S» 6 1 4 £¥9#*aEIB6 12, ^gifcfftSflelSSe 
1 2 t l"—fff<< it- KT M613 li-thmi^ft 
KaWEStt-CV^. «»fi#A*SS^6 1 4©«>£ii, 
^^#2, *©tttt«lffi, ft 

#A^ffi^-6 1 4^e>A^3$*l/fcl 8f-r*/l/©7*-* 
fS-§-t2f-+^O^Dy^(S#tt2 : l#HbH]S&& 
lWlfc¥ttft4MMHlR6 1 2ftVW— !f/-<*-KT 
W6 13t±!l, f f -*ffl9f-+JM', ^B^Sl 

feMt-fc5->y^-K}t77'f/<7K6 1 7tt, 
ft^*'^*/^ 1 8XV3t7r'f^@^«ffi6 

1 6CJ;D/^*--i ^6 1 lfcBfcSJvCfcij, /J>Su- 
VX7 W615CJ:9 u—if ^ Kr W 6 1 3 

tmftfll ^tH*** 6 2 4 *ft*.fcs<?*-i?6 2 1 © 

a, ffi#tt9J& ff^#l«$&tfffl;^>7 7$£|s]- 

S„ 7* h*^*- K7W8 2 3 &tN»fMHRglK6 

2 2 . ¥*ftlfc«lH]& 62 2i m^tff #ttJ^SS^ 6 2 4 

6 2 4©«/&l4 > 7-W18, ^n ? W2, £ 

(DrntWRkm. fei&mx'hh. #771^7 6 1 7 

K7W6 2 3M1 : 2^iaB*rtH.Lfc¥ttfMII 
a@S§ 6 2 2 l£,fc 19 , 18ft^Wf-!!'itt2f 

^6 24j;0ffi73$tL5„ 

[0 0 2 5] »3t*^i LTV— if ^ 

*— K, 9.%M I f-b LX7& h\ 
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[0 0 2 6] #HJ£«TI4, LT^iM**- 
V>Tfc&V\, 

[0 0 2 7] *^S£FJT*I4, eaHSfcLTJt7 7'f/<S: 
[0 0 2 8] 

3l5©fif^T-*)ofc^.affia^ n ? n s/^Jt 
ffiFHK#?S t ft S t ^ 5 6>ii$.. i-4 

«*j.oa5^A— T'y hftjtafejuesijs^ffitfti. 
[HE©i?B¥ftSft9§) 

[m 1 ] #?g$© 1 mmM<omf$,*7F+%mmmmw 

[1212] f£*S«©*J**jjrJ-7ny*l8. 

20 [m3] *&m<o%Mmx'm^z>&-gmimo 

[H4] *^BJ©HJS0ijTffiV^5^BllElKil. 

lias] ^wm^mmx-m^hti^m^mM^n^ 
[me] *mmimmmz*i-ftmmm$iW<Dmw 

Ho 

1 20- flr##m«. 

1 2 0-l-M@», 

121- 125, 161~165-D7yf, 
30 12 

1 3 0-m«/3t«*SB, 
1 40-%7r^y<, 
1 BO-fc/WMHMR, 
l 6 0-flMHHW5. 

1 6 0-i-^miiigi, 

1 7 0-HJ*/<y7 7. 
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[HI] 




[12] 



AS ST 4:1#a» BSl/*SE»ffi *7 7-f/<TU-f Jft««»B l:4fl*» MAST 

.^-A ^ is. ^. i 



4:1 




(9) 
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[03] 



[04] 



E 3 




ims] 



(3 5 



^DO POX DO Xdq )( DQ ]( DO l| DQ K DQ jf 
Wt» D1 X Dl X Dl X Dl X Dl X Dl X Dl 



a* XdoXpoX doXdoXdoXdoXdqT 

g£ » pi K pi » m » pi » pi X m » dTI 

1ST X Dt X Dl X PI X PI X Dl X D1 X D! 

1250 -n 



(b) 



iff X pi X PI K Dl X PI X Dl X Dl 1 dTT 



